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(57) Abstract: A method for the bacterially assisted heap leaching of chalcopyrite, the method characterised by the steps of: pro- 
viding a chalcopyrite containing ore heap to oxidise sulphide minerals therein, the heap containing and/or being inoculated with a 
sulphide oxidising bacterial culture that either does not oxidise ferrous to ferric, or is inefficient at doing so; providing at least a first 
leach solution pond (or other suitable container), from which feed solution is fed to the heap, and which receives leach solution from 
the heap; andbleeding a portion of the leach solution and passing same to a means for metals recovery. 
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"A Method for the Bacteriallv Assisted Heap Leaching of Chalcopvrite" 



Field of the Invention 



The present invention relates to a method for the bacterially assisted heap 
leaching of chalcopyrite. More particularly, the bacterially assisted heap leach 
5 method of the present invention is intended for use In the recovery of copper in 
sulphide ores, the copper being present in the fomn of chalcopyrite. 

Background Art 

The recovery of base metals from sulphide ores by bacterially assisted heap 
leaching is presently restricted to secondary copper sulphide minerals, such as 
10 chalcocite and covellite. Chalcopyrite, a primary copper sulphide mineral, is a 
notable exception and can not presently be successfully leached in a heap. The 
common practice with chalcopyrite ores is to produce a concentrate by froth 
flotation, for feeding to a smelter. 

Attempts to leach chalcopyrite in weak to moderately strong sulphuric acid 
1 5 solution, with the addition of fem'c as an oxidant, results in the surface passivation 
of the chalcopyrite, causing the reaction to either stop, or slow down to an 
unacceptable rate. Similariy, attempts to leach chalcopyrite with bacteria are 
hindered by the same surface passivation phenomenon. The mechanism by 
which this passivation occurs, and the nature of the passivating layer itself, is not 
20 fully understood. 

The method of the present invention has as one object thereof to overcome the 
abovementioned problems associated with the prior art, or to at least provide a 
useful altemative thereto. 



The preceding discussion of the background art is intended to facilitate an 
25 understanding of the present invention only. It should be appreciated that the 
discussion is not an acknowledgement or admission that any of the material 
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referred to was part of the common general knowledge in Australia as at the 
priority date of the application. 

Throughout this specification, unless the context requires othenwse, the word 
"comprise", or variations such as "comprises" or "comprising", will be understood 
5 to imply the inclusion of a stated integer or group of integers but not the exclusion 
of any other Integer or group of integers. 

Disclosure of the Invention 

In accordance with the present invention there is provided a method for the 
bacterially assisted heap leaching of chalcopyrite, the method characterised by 
10 the steps of: 

providing a chalcopyrite containing ore heap to oxidise sulphide minerals 
therein, the heap containing and/or being inoculated with a sulphide 
oxidising bacterial culture that either does not oxidise fenous to fenic, or is 
inefficient at doing so; 

15 providing at least a first leach solution pond (or other suitable container), 

from which feed solution is fed to the heap, and which receives leach 
solution from the heap; and 

bleeding a portion of the leach solution and passing same to a means for 
metals recovery. 

20 Preferably, the first leach solution pond is maintained with a low ferric 
concentration relative to that of ferrous. 

Preferably, the first leach solution pond is maintained with an oxidation reduction 
potential of below 500 mV relative to Ag/AgCb standard reference. 

Still preferably, the first leach solution pond is maintained such that the prevailing 
25 chemical conditions are conducive to leaching the chalcopyrite whilst being non- 
conducive to surface passivation. 



wo 02/070757 PCT/AU02/00191 

-3- 

Preferably, the ore heap is aerated at or near a base thereof. 



The oxidation of the chalcopyrite is preferably achieved through the action of 
chemolithotrophic bacteria. 

The method of the present invention may additionally comprise providing a 
5 biological contactor inoculated with fen^us oxidising bacteria and a second leach 
solution pond from which leach solution is fed to the biological contactor and 
which receives leach solution from the biological contactor. 

Preferably, leach solution from the first leach pond is able to be fed to the 
biological contactor. 

10 Still preferably, leach solution is able to be fed from the second leach pond to the 
first leach pond, whereby the level of fenic and/or the pH value in the first leach 
pond may be controlled to a large extent. 

Still further preferably, leach solution is bled from the biological contactor for 
passing to a means for metals recovery, the levels of ferric therein facilitating 
15 metal recovery. 

The biological contactor may be provided in the fomi of a second heap. The 
second heap is preferably formed of relatively inert waste rock inoculated with 
femDus oxidising bacteria. 

Brief Description of the Drawings 

20 The present invention will now be described, by way of example only, with 
reference to one embodiment thereof and the accompanying drawing: 

Figure 1 is a schematic representation or flow sheet of a method for the 
bacterially assisted heap leaching of chalcopyrite in accordance with one 
embodiment of the present invention; 
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Figure 2 is graphical representation of tlie % cx)pper leached in a nitric acid 
leach against crush size for a chalcopyrite containing ore in accordance 
with Example 2; and 

Figure 3 is a graphical representation of copper recoveries in accordance 
5 with Example 2. 

Best Mode(s) for Carrying Out the Invention 

In the exemplified embodiment it Is assumed that the prefen-ed form of iron in the 
solution bleed stream to the base metal recovery circuit is the feme form. The 
oxidation of the fenrous to fen-ic in the leach solution is achieved by passing same 
10 through a biological contactor, in the fonri of a second heap constructed from 
ban^en rock or low-grade ore. 

In Figure 1 there is shown a flow sheet for the bacterially assisted heap leaching 
of a whole ore or a fraction thereof, by the action of chemolithotrophic bacteria, in 
accordance with the present invention. 

15 A disseminated sulphide ore is stacked in a heap 10 on an impermeable leach 
pad 12. It is envisaged that the disseminated sulphide ore may have undergone 
one or more pre-treatments, for example agglomeration, to improve its 
permeability, or some fomn of upgrading step to improve its base metal content. 

The heap 10 has slotted aeration pipes 14 inserted into a base of the heap 10 to 
20 provide a source of oxygen and carbon to the bacteria present in the 
disseminated sulphide ore. These bacteria are encouraged to multiply and 
populate the heap, and consequently oxidise the sulphide minerals. 

It is envisaged that the process of the present invention may require a different 
bacterial species to populate the ore heap than that occumng naturally. Such a 
25 species would have to be introduced thereto by way of inoculation. This may be 
achieved by adding a solution containing the prefen-ed bacteria to the material to 
be treated before, during and/or after stacking of the heap 10. 
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The heap 10 is inoculated with a bacterial culture that does not oxidise fenxDus, or 
Is inefficient at doing so, and may include, but is not limited to, Sulfobacillus 
thermosulfldooxidans and Thiobacillus caldus. A prefen'ed bacterial culture has 
been deposited at the Australia Govemment Analytical Laboratories under 
5 accession No. NM99/07541. 

A biological contactor, for example a second heap 16 formed of a relatively inert 
waste rock is provided on a further impermeable leach pad 18. The second heap 
16 is similarly provided with slotted aeration pipes 20 near the base thereof. The 
heap 16 is inoculated with fenrous oxidising bacteria, for example Thiobacillus 
1 0 ferrooxidans, which may or may not be indigenous to the heap 16. 

Two ponds are provided, including an inert rock pond 40 (a second pond) and an 
ore pond 42 (a first pond). The ore pond 42 receives leach solution from the ore 
heap 10 by way of gravity feed line 44. The ore heap 10 receives leach solution 
from the pond 42 by way of the feed line 28. Any leach solution not fed to the 
1 5 heap 1 0 is returned to the pond 42. 

The waste rock heap 16 receives leach solution from the inert rock pond 40 by 
way of the feed line 32. Any leach solution not fed to the heap 16 is retumed to 
the pond 40. The pond 40 receives leach solution from the heap 16 by way of 
gravity feed line 46 in which is provided a pump 48. 

20 Overflow from the inert rock pond 40 is directed to the ore pond 42 by way of an 
overflow line 50. Control over the volume of solution transfen^d via line 50, 
allows for control over the fenic level in the ore pond 42. 

Liquor from the ore pond 42 is, in addition to being fed to the heap 10, fed to the 
heap 16 by way of intemnediate line 52 and the feed line 32: 

25 A bleed line 52 is provided in the gravity feed line 46 from the heap 16 and is 
used to bleed leach solution now deficient in ferrous when compared to the leach 
solution of pond 42, out of the circuit shown in Figure 1, and into a means for 
metals recovery. Conventional hydrometallurgical means may then be used to 
recover the base metals from this leach solution. 
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The use of separate ponds 40 and 42 allows greater flexibility in the circuit than 
possible with a single pond. For example, the two heaps may be run under 
differing conditions of pH and fenx)us and ferric concentration. As noted above, 
control over the volume of solution transfenBd via line 50, allows for control over 
5 feme levels in the ore pond 42. 

In this way the ore heap solution pond can be maintained such that the prevailing 
chemical conditions are conducive to leaching the chalcopyrite whilst being non- 
conducive to surface passivation. This would involve, but not be limited to, 
maintaining a low fenic concentration in solution. The ORP (oxidation reduction 
10 potential), of the solution may, in some circumstances be taken as an indication of 
the relative concentrations of femous and ferric. 

It is envisaged that the heating or cooling of the leach solution at some point in 
the flow sheet shown In Figure 1 may prove advantageous. 

The biological contactor may, it is envisaged, altemately be provided in the fomi 
15 of a packed column or rotating biological contactor. 

It is further envisaged that the leach solution may preferably be recycled through 
each heap 10 and 16 more than once in order to increase the level of dissolved 
metals. Further, some form of pH control may prove advantageous. 

The process of the present invention provides for the economic recovery of 
20 copper and other base metal sulphides, for example cobalt, nickel and zinc, from 
their ores. It is envisaged that the capital and operating costs of base metals 
production by the process of the present invention will compare favourably with 
conventional recovery processes. Still further, it is envisaged that the process 
can be applied to mineral deposits of lower base metal value than would typically 
25 be economically viable using conventional or prior art methods. 

The present invention will now be described with reference to two examples. 
However, it is to be understood that the following examples are not to limit the 
above generality of the invention. 
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Example 1 

Two stirred vessel bacterial leach tests were conducted on 300 g samples of the 
same chalcopyrite ore. The ore was finely ground (79% passing 200 mesh) and 
5 made up in a sluny with 3 Litres of a solution containing bacteria. Aside from the 
type of bacteria used in the tests, all other conditions were the same, being a 
temperature of 45"* and a pH of 1 .00. The results are shown in Tables 1 and 2, 

In a first test, see Table 1, the bacterial culture contained bacteria indigenous to 
the ore and having iron oxidising properties. As a result, ferric was the 
10 predominant iron species present during the first test and the copper leached after 
36 days was only 34.22% of that initially present in the ore. 

In a second test, see Table 2, non-iron oxidising bacteria were used. 
Consequently, femous was the predominant iron species present during the leach 
and after 19 days of leaching, 98.78% of the copper was leached. 

15 Example 2 

Samples of the same chalcopyrite containing ore as used in Example 1 was 
crushed to various levels of fineness and subjected to a concentrated nitric acid 
leach test so as to detemnine the liberation characteristics of the chalcopyrite that 
is contained in the ore. The results of this testing are shown In Figure 2. 

20 The results indicate that at a cmsh size of 100% passing 6.25 mm, 50% of the 
chalcopyrite is exposed and is available for leaching. 

A nominal 5000 tonne heap of the same ore was subsequently constructed, the 
ore having a crush size of 100% passing 7.5 mm. The heap was operated in 
accordance with the present invention as described hereinabove. The resulting 
25 copper leach rate is shown in Figure 3. The final copper leach extraction is dose 
to that predicted by the nitric acid leach test noted above. This suggests that all, 
or almost all, of the chalcopyrite that was available to the leach, was successfully 
leached under these conditions. 



} 
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Modifications and variations such as would be apparent to the sl<illed addressee 
are considered to fall within the scope of the present invention. 
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Claims 

1 . A method for the bacterially assisted heap leaching of chalcopyrite, the 
method characterised by the steps of: 

providing a chalcopyrite containing ore heap to oxidise sulphide 
5 minerals therein, the heap containing and/or being inoculated with 

a sulphide o)ddising bacterial culture that either does not oxidise 
ferrous to fenic, or is inefficient at doing so; 

providing at least a first leach solution pond (or other suitable 
container), from which feed solution is fed to the heap, and which 
10 receives leach solution from the heap; and 

bleeding a portion of the leach solution and passing same to a 
means for metals recovery. 

2. A method according to claim 1, characterised In that the first leach solution 
pond is maintained with a low fenic concentration relative to that of fenous. 

15 3. A method according to claim 1 or 2, characterised in that the first leach 
solution pond is maintained with an oxidation reduction potential of below 
500 mV relative to Ag/AgCIa standard reference. 

4. A method according to any one of claims 1 to 3, characterised in that the 
first leach solution pond is maintained such that the prevailing chemical 

20 conditions are conducive to leaching the chalcopyrite whilst being non- 

conducive to surface passivation. 

5. A method according to any one of the preceding claims, characterised in 
that the ore heap is aerated at or near a base thereof. 
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6. A method according to any one of the preceding claims, characterised in 
that the o}ddation of the chalcopyrite is achieved through the action of 
chemolithotrophic bacteria. 

7. A method according to any one of the preceding claims, characterised in 
5 that the method additionally comprises providing a biological contactor 

inoculated with fenx)us oxidising bacteria and a second leach solution pond 
from which leach solution Is fed to the biological contactor and which 
receives leach solution from the biological contactor. 

8. A method according to claim 7, characterised in that leach solution from 
10 the first leach pond is able to be fed to the biological contactor. 

9. A method according to claim 7 or 8, characterised in that leach solution is 
able to be fed fmm the second leach pond to the first leach pond, whereby 
the level of fenic and/or the pH value in the first leach pond may be 
controlled to a large extent. 

15 10. A method according to any one of claims 7 to 9, characterised in that leach 
solution is bled from the biological contactor for passing to a means for 
metals recovery, the levels of feme therein facilitating metal recovery. 

11. A method according to any one of the preceding claims, characterised in 
that the biological contactor is provided in the fomi of a second heap. 

20 12. A method according to claim 11, characterised in that the second heap is 
formed of relatively inert waste rocic inoculated with femDUS oxidising 
bacteria. 



13. A method for the bacterially assisted heap leaching of chalcopyrite 
substantially as hereinbefore described with reference to the Examples. 
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14. A method for the bacterially assisted heap leaching of chalcopyrite 
substantially as hereinbefore described with reference to the 
accompanying Figures. 



5 
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